Ultraviolet (UV) radiation induced the production of the phytoalexin, scoparone (6,7-dimethoxycoumarin), in the flavedo of various kinds of citrus fruits. We measured the changes in scoparone concentration after UV radiation in citrus leaves and fruits harvested in August and December. The changes in scoparone concentration were lower in young leaves (August) than in mature ones (December). Young leaves of all cultivars harvested in August, except for those of 'Eureka' lemon, produced less than 100 µg·g −1 FW. The concentration in the fruits was also lower in young than in mature specimens. Changes in the scoparone concentration and the rate of increase varied with cultivars, organs, and the time of harvest.
Introduction
Among a number of constitutive and induced antifungal compounds that have been identified in the reproductive organs of citrus species, scoparone is considered as a citrus phytoalexin (Afek et al., 1986; Kim et al., 1991) .
Phytoalexin is defined as an antimicrobial, secondary metabolite having a low molecular weight that is formed de novo as a result of physical, chemical, or biological stress which resists or suppresses the activity of fungal or bacterial invaders. The rate of production and accumulation depends on either the host genotypes or both the host and pathogen genotypes (Purkayastha, 1994) .
Various physical stresses, such as UV radiation, have been shown to promote the production of scoparone and scopoletin in the flavedo tissue of citrus fruits. Kim et al. (1991) reported that UV radiation was an effective elicitor of phytoalexin in lemon fruits. UV radiation has also been reported to promote the production of scoparone in kumquats (Rodov et al., 1992) and oranges (D'hallewin et al., 1999) . Changes in the scoparone concentration after UV radiation (4 days and 7 days) vary with the citrus cultivars, organs, and growth phases (Kuniga et al., 2005) . However, there are few studies about the daily changes in scoparone concentrations after UV radiation. In this study, we determined the daily changes in scoparone concentration in some citrus varieties.
Materials and Methods
Leaves and fruits of clementine (Citrus clementina hort. ex Tan.), hyuganatsu (C. tamurana hort. ex Tan.), yuzu (C. junos Sieb. ex Tan.), 'Eureka' lemon (C. limon Burm. f.), Meiwa kumquat (Fortunella crassifolia Swingle), and Nagami kumquat (F. margarita Swingle) were obtained from the orchard of the National Institute of Fruit Tree Science, Kuchinotsu, in early August and mid-December, 2001. The specimens were radiated with UV either the same day or one day after harvest.
The UV radiation and methods used for scoparone measurement were as described by Kuniga et al. (2005) . Radiated fruits and leaves were incubated in the dark at 25°C, 100% RH. Five replicates of both leaves and fruits were collected daily during the week after UV radiation. The flavedo of the fruits was excised with a knife and the samples stored at −20°C until analysis. The sample was extracted with 80% aqueous Et-OH. The extract was evaporated to the aqueous phase that was partitioned against CH 2 Cl 2 . The CH 2 Cl 2 fraction was dried and redissolved in 4 mL 30% Me-OH and filtered. Two hundred µL of this filtered solution was injected in an HPLC JASCO LC800 system, equipped with a C 18 column (Inertsil ODS2 4.6 × 150 mm, GL Science Inc., Japan). The column was eluted at 40°C for 26 min with a gradient of 20-70% Me-OH. The flow rate was 1.2 mL·min −1 . Scoparone was detected by using a fluorescence spectrophotometer (821-F Intelligent UV/ VIS Detector, JASCO) with excitation at 330 nm and emission at 400 nm.
Results and Discussion
The production of scoparone after UV radiation was much smaller in young (August) leaves than in mature (December) ones. In young leaves, the highest value, 142 µg·g −1 FW, was found in 'Eureka' lemon leaves 3 days after treatment (Fig. 1a) . In the other specimens, the maximum values were lower than 100 µg·g −1 FW. Leaves of 'Eureka' lemon and 'Meiwa' kumquat exposed for UV in December produced more than 200 µg·g −1 FW, attaining a maximum of about 600 µg · g −1 FW, on day 4; the concentration declined rapidly afterwards to 200 µg·g −1 FW. Mature leaves of other species, e.g. hyuganatsu and Nagami kumquat, produced about 100 µg·g −1 FW, whereas clementine and yuzu produced less (Fig. 1b) .
Young fruits treated in August, produced scoparone less than 30 µg·g −1 FW (Fig. 2a) , whereas fruits treated in December contained more than 100 µg·g −1 FW, except for that of 'Eureka' lemon, which produced less than 4 µg·g −1 FW. The concentration was the highest 5 days after the treatment in Meiwa kumquat fruits, which produced 500 µg·g −1 FW, and the concentration then rapidly decreased.
The time of maximum concentration differed among cultivars. hyuganatsu, yuzu, and kumquats attained maximum concentration by day 5, whereas in clementine, the concentration of scoparone increased slowly near the end of the experiment (Fig. 2b) .
These data show that the rate of increase depends on the cultivar, the harvest date, and the concentration changed quickly from day to day. In some cultivars, the changes were observed both in leaves and fruits, especially in mature ones. Rodov et al. (1992) showed that the amount of scoparone reached a peak of 530 µg· g −1 FW 11 days after UV treatment and then rapidly declined to the trace levels one month later. The time to reach the maximum content in Meiwa kumquat fruits was later in their results than in ours. Because incubation temperature was 17°C in their study and 25°C in ours, this difference may have affected the rate of scoparone synthesis in citrus. The mechanisms of the different patterns of scoparone synthesis by the UV radiation Some bars exist behind the marks. should be investigated further in Citrus spp.
